Recent human neuroimaging studies have investigated the neural correlates of either noxious stimulus intensity or reported pain. Although useful, analyzing brain relationships with stimulus intensity and behavior separately does not address how sensation and pain are linked in the central nervous system. In this study, we used multi-level mediation analysis to identify brain mediators of pain-regions in which trial-by-trial responses to heat explained variability in the relationship between noxious stimulus intensity (across 4 levels) and pain. This approach has the potential to identify multiple circuits with complementary roles in pain genesis. Brain mediators of noxious heat effects on pain included targets of ascending nociceptive pathways (anterior cingulate, insula, SII, and medial thalamus) and also prefrontal and subcortical regions not associated with nociceptive pathways per se. Cluster analysis revealed that mediators were grouped into several distinct functional networks, including the following: somatosensory, paralimbic, and striatal-cerebellar networks that increased with stimulus intensity; and 2 networks co-localized with ''default mode'' regions in which stimulus intensity-related decreases mediated increased pain. We also identified ''thermosensory'' regions that responded to increasing noxious heat but did not predict pain reports. Finally, several regions did not respond to noxious input, but their activity predicted pain; these included ventromedial prefrontal cortex, dorsolateral prefrontal cortex, cerebellar regions, and supplementary motor cortices. These regions likely underlie both nociceptive and non-nociceptive processes that contribute to pain, such as attention and decision-making processes. Overall, these results elucidate how multiple distinct brain systems jointly contribute to the central generation of pain. Ó
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Introduction
The relationship between stimulus intensity and perception is lawful and robust in all perceptual domains, including pain [2, 72] . However, although higher stimulus intensities usually lead to greater pain, there is nearly always variability in the stimulusresponse relationship. Pain perception is strongly influenced by spontaneous fluctuations in arousal and attention [14, 46, 62] , stimulus history [12, 37, 64] , and other factors. Thus, a given stimulus intensity can be perceived or reported as painful or nonpainful depending on brain activity before [14, 62] , during [63] , or after noxious stimulation [9, 44] . The purpose of the present study was to examine how variations in noxious stimulus intensity are transformed into variations in pain, focusing specifically on responses during noxious stimulation itself. In particular, we sought to identify regions that mediate stimulus effects on pain and those that do not respond strongly to noxious stimuli but nonetheless play supporting roles in pain genesis.
Targets of spino-thalamo-cortical nociceptive pathways [32] and other nociceptive pathways (eg, spino-parabrachial and spino-reticular [83] ) reliably track the stimulus intensity of painful events in human neuroimaging studies, including somatosensory (SI/SII), dorsal posterior [dpINS], anterior insular [aIns] , and anterior cingulate [aCC] cortices and thalamus [5, 35, 60] . There is broad consensus that these ''intensity coding'' regions also generally correlate with pain [25, 76] , although the stimulus-response function between brain response and pain report may differ depending on the region [15, 20, 38, 48, 63] . 
